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SPECIFICATION 

1 . Title of the invention 

Polyester Hollow Molding With Excellent Gas Barrier Properties 

2. Claims 

1 . A polyester hollow molding with excellent gas barrier properties, characterized by 
being a hollow molding composed of thermoplastic polyester resin wherein the primary 
repeating unit is ethylene terephthalate, and by containing MOO parts by weight of a 

polyamide containing metaxylylene groups with respect to 100 parts by weight of said 
polyester resin. 

2. The polyester hollow molding with excellent gas barrier properties according to Claim 

1, characterized in that the hollow molding is oriented in at least one direction in the thin 
region of the cylinder. 

3. Detailed description of the invention 

The present invention concerns a hollow polyester molding with excellent gas barrier 
properties, and in additional detail, concerns a hollow polyester molding with excellent 
gas barrier properties produced by mixing a thermoplastic polyester resin with a 
polyamide resin that contains metaxylylene groups. 

In the past, thermoplastic polyester resins having polyethylene terephthalate as primary 
components, have been processed into various types of containers, films and sheets, and 
have been widely used as packaging materials due to their excellent dynamic properties, 
gas barrier properties, chemical resistance, storage properties and sanitary properties. In 
particular, there are materials that are remarkable in terms of use for hollow containers 
such as bottles or cans due to improvements in biaxial drawing-blow molding 
technologies that have occurred recently in the blow molding industry. 

However, sufficient performance has not been obtained with biaxially oriented containers 
composed of thermoplastic polyester resins having polyethylene terephthalate as 
repeating units. In particular, due to its inadequate gas barrier properties with respect to 




oxygen, this material is inappropriate for use in food containers with contents that require 
gas barrier properties. 

The inventors of the present invention conducted repeated painstaking investigations 
concerning the improvement of oxygen-shielding characteristics without any compromise 
in the excellent dynamic properties or practical transparency of thermoplastic polyester 
resins, and thus arrived at the present invention by discovering that these problems can be 
solved by adding a polyamide resin containing metaxylylene groups. Specifically, the 
present invention is a polyester hollow molding with excellent gas barrier properties, 
characterized by being a hollow molding composed of thermoplastic polyester resin 
wherein the primary repeating unit is ethylene terephthalate, and by containing 1-100 

parts by weight of a polyamide containing metaxylylene groups with respect to 100 parts 
by weight of said polyester resin. 

The thermoplastic polyester resin having ethylene terephthalate as its primary 
repeating unit referred to in the present invention denotes a polyester in which 
terephthalic acid is 80 mol% or more of its acid component, with 90 mol% or more being 
preferred, and in which ethylene glycol is 80 mol% of its glycol component, with 90 
mol% or more being preferred, where the remainder of the acid component is isophthalic 
acid, diphenyl ether 4,4’-dicarboxylic acid, naphthalene- 1,4- or 2,6-dicarboxylic acid, 
adipic acid, sebacic acid, decane- 1,10-dicarboxylic acid or hexahydroterephthalic acid, 
and the other glycol component is propylene glycol, 1,4-butanediol, neopentyl glycol, 
diethylene glycol, cyclohexane dimethanol, 2,2-bis(4-hydroxyphenyl)propane or 2,2- 
bis(4-hydroxyethoxyphenyl)propane, or a polyester resin containing p-oxybenzoic acid or 
p-hydroethoxybenzoic acid as oxy-acids. In addition, the substance can also be a blend 

produced by blending two or more types of polyesters so that the ethylene terephthalate is 
within the aforementioned range. 

The intrinsic viscosity of the thermoplastic polyester resin of the present invention 
is 0.55 or greater, with 0.65-1.4 being additionally desirable. If the intrinsic viscosity is 
less than 0.55, it will be difficult to obtain a transparent non-crystalline state in the 

parison used as the preliminary molding for the container, and the mechanical strength of 
the resulting container will be inadequate. 




In add,, ion, examples of the polyamide resin containing me.axylylene groups used 
m the present tnvention are polymers that contain at least 70 mol% of structural units in 
its molecules wh.ch are produced from an ^aliphatic dicarboxylic acid with a carbon 
number of 6-10 and a mixed xylylene diamine containing metaxylylene diamine or 
metaxylylene diamine and a total of 30% or less of paraxylylene diamine. 

Examples of these polymers include polymetaxylylene adipamide, 
polymetaxylylene sebacamide, polymetaxylylene suberamide and other such simple 
polymers, metaxylylene-paraxylylene adipamide copolymers, metaxylylene-paraxylylene 
p, melam.de copolymers, metaxylylene-paraxylylene azelamide copolymers and other 
such copolymers, and copolymers of these individual monomer or copolymer components 
with hexamethylene d, amine or other aliphatic diamines, piperazine and other alicyclic 
diamines, para-bis-(2-aminoethyl)ben 2 ene and other such aromatic diamines, terephthalic 
acd and other such aromatic dicarboxylic acids, £-caproiac,am and other such lactams, y- 
aminoheptanoic acid and other such (o-aminocarboxylic acids and para- 
aminomethylbenzoic acid and other such aromatic aminocarboxylic acids. In the 
aforementioned copolymers, the amount of paraxylylene diamine is 30% or less with 
respect to the total amount of xylylene diamine, and the amount of structural units 

generated from the xylylene diamine and aliphatic dicarboxylic acid is 70 mol% or 
greater in the molecular chains. 

^ The metaxylylene group-containing polyamide resin (referred to below as “SM 
resin ) ,s itself intrinsically brittle when in its non-crystalline form, and so the relative 
viscosity ordinarily must be 1.5 or greater, with 2.0-4.0 being preferred. 

hylene vinyl [illegible, possibly acetate”] copolymer saponification products 
t at are well known in their use as conventional gas barrier resins are themselves 
crystalline resins, and so when added to thermoplastic polyester resin, their drawing and 
blow-molding properties are lost, or the resulting hollow molding will [illegible] into a 
ball form. The material thus will no, have practical functionality as a transparent 
container, or it will be difficult to obtain the desired gas barrier properties. 

Moreover, when styrene-acrylonitrile copolymer is added, the glass transition 
temperature (T g ) will be high, and there is Ulus the disadvantage that sufficient drawing 
will no, occur under drawing temperatures that are appropriate for the polyester resin 




Moreover, when drawing is carried out, oriented crystallization will not occur because the 
material is a non-crystalline resin, which is disadvantageous in that the container will be 
modified due to residual drawing strain. 

The SM resin itself has an intrinsically higher T g relative to these resins because it 
is a crystalline resin, and is readily rendered non-crystalline by a quenching treatment 
from the melted state. When the added amount of SM resin is within 100 parts by weight 
with respect to 100 parts by weight of the thermoplastic polyester resin, with 60 parts by 
weight being preferred, oriented crystallization will be adequately induced by drawing 
without changing its practical transparency, because the T g thereof will be nearly 
equivalent to the T g of the thermoplastic polyester resin. As a result, a hollow molding 
with excellent oxygen gas barrier properties will be obtained without any compromised 
the excellent dynamic properties of the thermoplastic polyester resin, in contrast to the 
aforementioned resins with good gas barrier properties. A particularly desirable blending 

ratio for the SM resin is 5-60 parts by weight with respect to 100 parts by weight of the 
polyester resin. 

An example of a method for obtaining the hollow molding with good gas barrier 
properties of the present invention is a method wherein the thermoplastic polyester resin 
and SM resrn are dry blended at the desired concentrations, and the material is directly 
molded with a molding device for hollow moldings, or a method wherein the 
thermoplastic polyester resin and SM resin are fused and kneaded in an extruder at the 
desired concentrations to produce a mixed composition blend, whereupon said blend is 
molded using a molding device for hollow moldings. 

Moreover, a method can also be used wherein a layer-form molding composed of 
thermoplastic polyester resin and SM resin is milled with a mill into a form whereby it 

can be fed to the hollow molding device, whereupon molding is performed with the 
hollow molding device. 

In regard to molding carried out with the hollow molding device, molding can be 
earned out in exactly the same manner as with conventional polyester resin hollow 
moldings. For example, injection-blow molding can be carried out which is referred to as 
direct blowing, or, in a method known as injection blowing, a parison can be produced by 
injection molding, and can then be subjected to blow molding with compressed gas while 




the material has not sufficiently cooled. Moreover, molding can be carried out by a 
method referred to as biaxial drawing/blow molding, or a blow molding method may be 
used wherein a parison with a bottom and an opening is produced by injection molding, 
whereupon the temperature of the parison is adjusted in a drawing/blowing apparatus to a 
temperature appropriate for drawing, for example 70-150‘C, and axial drawing with a 
drawing rod and circumferential drawing with compressed air are carried out 
simultaneously, or in succession. 

A hollow molding is thus obtained wherein the thin region of the cylinder 
produced by drawing is oriented in at least one direction. 

In terms of drawing expansion factor, it is preferable for the surface area 
expansion ratio (axial drawing expansion ratio x transverse drawing expansion ratio) to 
be 2 or greater, with 3-15 being preferred. The final thickness in the thin region of the 
cylinder is ordinarily 0. 1 mm or greater, with 0. 1 5 mm or greater being preferred, and 0.2- 
1 mm being additionally desirable. 

In addition, a plastic can also be formed by integrating an [illegible] with a hollow 
molding formed by deep drawing an undrawn sheet after extrusion molding from the 
aforementioned mixed resin, or with a cylinder obtained by drawing and orienting, when 

necessary, a pipe that is produced by injection molding or extrusion molding from the 
mixed resin. 

The hollow molding of the present invention can also contain, as necessary, 
colorants, ultraviolet absorbers, antistatic agents, thermal oxidation inhibitors, 
antimicrobial agents, lubricants, nucleators, and thermoplastic resins other than those 

mentioned above, in ranges in which the objectives of the present invention are not 
compromised. 

The present invention is described in additional detail below using working 
examples. The measurement methods for the main characteristics measured in the 
present invention are shown below. 

(1) Intrinsic viscosity (r|) of the polyester resin: 

Measured at 30"C using a mixed solvent of phenol/tetrachloroethane = 6:4 (weight ratio). 

(2) T| re | of the polyamide resin: 




1 g of resin is dissolved in 100 mL of 96 wt% sulfuric acid, and the relative viscosity is 
measured at 25"C. 

(3) Transparency and haze: 

Calculated by a formula according to JIS-K6714 using a Toyo Seiki Hazemeter S 
[illegible; possibly “8”]. 

Transparency: T 2 /Tj x 100 (%) 

Haze: (T 4 -T 3 (T/Ti))/T 2 x 100 (%) 

Tj: Incident light quantity. 

T 2 : Total light quantity transmitted. 

T 3 : Quantity of light scattered by the device. 

T 4 : Quantity of light scattered by the device and sample. 

(4) Oxygen permeability: 

Measured at 20 C with the oxygen permeability measurement device OX-THAN 100, 

manufactured by U.S. Modem Controls, and expressed as the permeability per [illegible] 
cc/bottle. (cc/container-24 h-atm) 

(5) Tensile characteristics: 

Strips with widths of 10 mm were used, and the yield strength, and break elongation were 
measured under conditions of a chuck separation of 50 mm and a pull rate of 50 mm/min 
(23°C) with a Toyo Baldwin Tensilon. 

W orking Examples 1-5 and comparative example 

A Polyethylene terephthalate (“PET”) with an (t|) value of 0.72 was used as the 
polyester resin, and a polymetaxylylene adipamide (“SM resin”) with a q reI of 2.2 was 
used as the polyamide resin containing metaxylylene groups. A bottomed parison with an 
outer diameter of 25 mm, a length of 130 mm and a thickness of 4 mm was molded under 

the molding conditions shown in Table I using an M-100 injection molder manufactured 
by Meiki Seisakujo 

The parison was then heated by fitting the open end of the parison on a parison 
fitting provided with an automatic drive device, and rotating the parison in an oven with 
an infrared heater to heat the parison to a surface temperature of 1 10’C. Subsequently, 
the parison was transferred into a blow mold, and blow molding was carried out under 




conditions comprising a drawing rod rotation rate of 22 cm/sec and a compressed air 
pressure of 20 kg/cm . A beer bottle shaped hollow container was thus obtained with a 
total length of 265 mm, a cylinder outer diameter of 80 mm and an inner volume of 1000 
mL. The performance of these containers is shown in Table 2. 



Table 1 





Working Examples 1, 2 
Comparative example 


Working Example 3 


Working Examples 4, 5 


Cylinder temperature ( # C) 
(from hopper side) 


250 x 285 x 285 


250 x 285 x 285 


250 x 285 x 285 


Injection pressure 
(kg/cm 2 ) (gage pressure) 


27 


28 


30 


Mold temperature (*C) 


15 


16 


15 “I 


Injection time (sec) 


15 “1 


10 1 


10 


Cooling time (sec) 


12 


10 


17 



Table 2 





PET resin 
parts by weight 


SM resin 
parts by weight 


Tensile yield 
strength kg/cm 2 


Transparency 

% 


Haze 

% 


Oxygen 

permeability 

cc/bottle*24h*atm 


Working 
Example 1 


95 


5 


1092 


77 


19 


0.34 


Working 
Example 2 


90 


10 


1108 


70 


28 


0.25 


Working 
Example 3 


80 


20 


1123 


63 


40 


0.20 


Working 
Example 4 


70 


30 


1109 


56 


47 


0.17 


Working 
Example 5 


50 


! 50 


1101 


45 


61 


0.11 


Comparative 

example 


100 


0 


1106 


90 


3.8 


0.55 



The containers obtained in these working examples had dramatically improved 
oxygen gas barrier properties in comparison to the conventional polyethylene 
terephthalate container shown in the comparative example, with no detrimental effects on 
dynamic properties and no loss in practical transparency. The resulting containers can 
also be coated with water-resistant or scratch-resistant coatings as desired. 





